Introduction: Multiple sclerosis (MS) is a chronic, inflammatory, and demyelinating disease of the central nervous system, which in some cases may be characterized by recurrent relapses of inflammation that cause mild to severe neurological disability. Some studies around the world have associated the increase of systemic inflammatory responses and neuro-inflammation of patients with exposure to high levels of particulate matter (PM 10 ) and certain conditions of temperature and humidity. Materials and methods: The objective of this study was to verify the influence of the concentration of PM 10 and meteorological variables (air temperature and relative humidity) on the number of hospitalizations for MS in the city of São Paulo. Data from 2008 to 2016, which passed through descriptive statistics and inferences, were used as multiple linear regression models. Results: The models obtained indicated a positive relation (p < 0.01) in the number of hospitalizations with the increase of PM 10 and relative humidity, showing that 31.23% of hospital admissions can be explained by these variables. Conclusion: These results are important, since there are no other studies from Brazil that correlate meteorological and air quality variables with MS. Descriptors: Air Pollution; Multiple Sclerosis; Linear Models.
INTRODUCTION
Multiple sclerosis (MS) is a disease in which neuronal myelin is the target of an autoimmune process, characterized as an inflammatory, chronic disease of unknown etiology with consequent loss of neurological function 1, 2 . The more accepted pathogenic hypothesis is that MS may be the result of a particular combination of genetic predisposition and action of unknown environmental factors that, when present in the same individual, may lead to this dysfunction of the neurological system 2, 3, 4 . The involvement of the neurological system can cause the patient with MS to suffer relapses. The main symptoms are muscle weakness, lack of coordination, decreased unilateral visual acuity, double vision, dizziness, and sphincter dysfunction, among others 5 . Hospital admissions for MS typically occur because it relapses in patients, involving a new symptom or worsening of an old symptom for more than a day or several days 6 . Not having a known and well-defined etiology, MS is investigated worldwide. Studies show that there are possible relationships between air pollution and hospital admissions for MS relapses, because particulate materials present in the atmosphere can increase the systemic inflammatory response and neuro-inflammation 3, 7, 8 . Among the particulate pollutants, particulate matter (PM 10 ) is a pollutant classified as inhalable particles considered harmful to human health because they can be deposited in the upper respiratory tract 9 . Besides PM 10 , meteorological variables such as relative air humidity and temperature have also been considered possible factors contributing to relapses 10 .
To the best of our knowledge, there are no studies associating air pollution and meteorological factors with the occurrence of relapses of MS in Brazil. Therefore, the aim of this study was to evaluate the influence of meteorological parameters and PM 10 concentration on hospitalizations due to MS in São Paulo, Brazil, from January 2008 to March 2016.
MATERIAL AND METHOD o Meteorological data
The data used in this study refer to the city of São Paulo from January 2008 to March 2016. The meteorological variables are reanalyzed from NCEP/NCAR and were provided by the Climatempo ® Company. Meteorological data correspond to the air temperature and relative humidity monthly averages. The monthly averages data of pollutant PM 10 were obtained from air quality system data of the Environmental São Paulo State Company (QUALAR-CETESB). o Hospital admissions data Monthly data of hospital admissions for MS were obtained from the online system of the computer department of the Unified Health System in Brazil (DATASUS). The data available in this system involve the number of admissions by city, age, and gender. Although studies on the impact of pollution on population health recommend that daily values of meteorological variables should be used and that hospital admissions should be divided by age group 11 , in this work the average monthly admissions were used, since MS has low prevalence in Brazil, with 15 cases per 100,000 inhabitants 12 . o Statistical analysis
Descriptive analyses were performed of all variables in the study. The exponential smoothing method of HoltWinters was used to smooth and eliminate any noise of the time series 13 . After the Kolmogorov-Smirnov test indicated normal distribution of data, the variables PM 10 , relative humidity, air temperature, and hospital admissions due to MS were correlated using Pearson's model 14, 15 . Although many studies that correlate air pollution and meteorological variables with diseases use the Poisson family of generalized linear models (MLG), in this study we used multiple linear regression 3, 16, 17 . This model was chosen because the variables have a normal distribution and, according to the residue analysis, the model was adequate for our data 11, 13, 17 . The objective of regression analysis is to measure the relation between an answer variable (Y) and a set of independent explanatory variables (X1, X2,...), as shown in equation 1 18 . In this equation, β´s are the coefficients of regression, ρ is the number of explanatory variables, and Ԑ is the residue.
In the multiple linear regression model employed, the number of hospital admissions for MS was the dependent variable, and the explanatory variables were PM 10 concentration, air temperature, and relative humidity. For the inclusion of variables in the model, we used the stepwise method. The stepwise model starts by inserting the independent variable that has the highest correlation with the response variable, and the criterion to add or remove a variable at any stage was expressed in terms of the partial F test. The value of α was 0.05 for input and 0.1 foroutput 19 . The statistical software used were SPSS version 13.0, Minitab 17, and Microsoft Office Excel 2007.
RESULTS
o Descriptive statistics Table 1 shows the characteristics of hospitalizations in the period according to the patients' age, gender, year, and month of hospitalization. The year 2008 had the most hospital admissions, followed by 2009, and the months with the highest incidence of hospitalizations were March and October. It is observed in Table 1 that the number of hospital admissions for MS females was 73.7% of the total, far greater compared to men (26.3%), and the same way that the number of admissions is higher among people aged between 30 and 50 years. These results are in agreement with other epidemiological studies worldwide, which have shown that the prevalence of MS is higher in women between 20 and 40 years old 1, 2, 20 . Figure 1 shows boxplots of meteorological variables, pollutant PM 10 , and number of hospital admissions for MS in São Paulo by month (January to December).It is observed in Figure 1 that the meteorological variables present some seasonality, as expected, while the number of hospital admissions in the period presented great dispersion. Regarding the seasonal nature of variables throughout the year, the temperature and humidity are higher in summer (Dec-Feb) and lower in the winter (June-Aug). Additionally, the PM 10 shows higher concentrations in winter, probably due to higher occurrences of thermal inversion in São Paulo in this season 21 . To evaluate the trend and seasonality of the variables, the time series were decomposed ( Figure 2 ).
In Figure 2 , the bars at the right-hand side are in the same range in user coordinates and indicate the relevance of each component to the series: relevance is inversely proportional to the size of the bar. Figure 2 demonstrates that PM 10 concentration has shown a declining trend, probably due to the Brazilian law in 2008 requiring the use of catalytic converters in vehicles, reducing the emission of PM 10 in the atmosphere 22 . Air temperature has a positive trend. The relative humidity has one period with values below average, justified by the fact that the years 2013/2014 were the driest registered since 1995 in São Paulo 23 . It is observed that hospital admissions have a negative tendency in the studied period, just as the PM 10 . The seasonal component appears in all series; however, as expected, this component is more relevant to explain the temperature behavior. The remainder component (irregularities) is quite relevant in all series.
There are no studies that report the cause of the decrease in hospitalizations; however, since hospitalizations and PM 10 have the same trend in the study period, it can be inferred that these two variables are related in some way. To investigate a possible relation between them, Table 2 presents the results obtained from the Pearson correlation test among the meteorological variables (Temp.= air temperature; Humid.= relative humidity), PM 10 , and the number of hospital admissions (total, by age and gender). The correlations among the concentration of PM 10 , the total number of hospital admissions, and almost all subgroups (age and gender) were positive, with p < 0.01, indicating that the higher the concentration of PM 10 , the higher the number of hospitalizations. Regarding the meteorological variables, the air temperature showed a negative correlation with hospitalizations and the relative humidity a positive correlation with admissions of patients between 30 and 50 years and of male gender. These results agree with others studies, such as that of Angelici et al. 16 , which demonstrated a positive relation between PM 10 and MS admissions in Lombardy, Italy, and that of Gregory et al. 3 , which showed a positive relation between PM 10 and female patient admissions. o Adjustments of the multiple linear regression model with the stepwise method Before the development of multiple linear regression, residual analysis was performed to verify the adjustment of hospitalization data and PM 10 to the model, since residuals should follow a normal distribution for the model 11, 17, 24 . The independent temperature and humidity variables were also added to improve predictability. Even if the main interest is in the effect of PM 10 on hospitalizations for MS, it is advisable to include the other variables capable of affecting hospitalizations 24 . For the multiple linear regression models, the variables were the total number of hospitalizations and hospitalizations by age group (≤ 30 years, between 30 and 50 years, and ≥ 50 years) and by gender (female and male). Figure 3a shows the probability of normality of fit errors. The closer the residuals are distributed, the better the model fits the data. As shown in Figure 3a , all data are well adjusted to the models, since the residuals have normal distribution. Figure 3b shows residuals as a function of adjusted values. Residuals are distributed randomly around the zero mean, with no specific pattern, which justifies that the multiple linear regression models are adequate to the data 17, 25 .
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o Regression models Table 3 shows the results of the six multiple linear regression models, in which R² indicates the coefficient of determination of each model, the coefficients β indicate the relation of the independent variables with the responses variables, S.E is the standard error of β, the T-Value is the value of the Student's test, p is the level of significance, and VIF is the inflation of variance, which measures the collinearity of the independent variables. In this case, since VIF is equal to 1, the independent variables are not correlated. Results demonstrate that all models indicated a positive relation in the number of hospitalizations and PM 10 concentration, as shown by the β coefficients in Table 3 . In addition to the PM 10 , most of the models showed a positive relationship of hospitalizations with relative air humidity. Air temperature was removed from the models because it did not have a significant representation (p > 0.05). This probably can be explained by the fact that high relative humidity and high particulate pollution occur in opposite temperature conditions (summer and winter, respectively). The best model was considered as a response to the number of total admissions, which obtained a higher coefficient of determination (R²), indicating that 31.23% of the number of hospitalizations can be explained by PM 10 and relative humidity.
DISCUSSION
PM 10 is one of the most harmful pollutants to human health, and many studies try to understand its effects on health, especially in cases of respiratory and cardiovascular diseases [26] [27] [28] . In addition to respiratory and cardiovascular diseases, recent studies have shown that air pollution may have an influence on neurodegenerative diseases, such as Parkinson's disease, Alzheimer's, and MS 3, 16, 29 . Among the various pollutants, particulate materials and heavy metals are prominent in the impact of neurodegenerative diseases, due to the fact that these pollutants contribute to the neuroinflammatory response 3, 5 . MS, the focus of this study, is a disease of unknown etiology, making studies even more difficult and complex but necessary to discover the origin of the disease. Not only the origin of MS but also the progression of the disease is a mystery. Patients with a recurrent type of MS are most affected by relapses of MS, which mostly cause hospital admissions and sometimes new neurological lesions 2, 6 . In this study, we investigated MS hospitalizations in the city of São Paulo over a period of eight years (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . During this period, there were a total of 1,282 hospitalizations, in which the majority included women between 30 and 50 years of age. This study was limited only to hospitalizations by the Unified Health System (UHS), which means that it does not represent all MS hospitalizations in the city of São Paulo, which in many cases occur in private hospitals.
Despite this limitation, we obtained good results from the relationships between MS hospitalizations and PM 10 for the city of São Paulo. For all age groups and genres, concentrations of PM 10 were shown to contribute to the increase in hospitalizations (p <0.01). Our study is in agreement with the results obtained by Angelici et al. 16 and Gregory et al. 3 which showed a relationship between the increase in PM 10 concentrations and the increase in admissions in Lombardy, Italy, and Tehran, Iran, respectively. In addition to PM 10 , our study also showed a positive relation (p <0.01) of hospitalizations with relative air humidity. In the study of Salvi et al. 10 the authors also pointed out the relationships between the seasonality of MS hospitalizations and the seasonality of relative air humidity in Italy. Other studies show that high relative humidity causes increased fatigue in patients with MS 30, 31 . Our study focused only on the pollutant PM 10 , due to the fact that there is more literature on MS and this pollutant, mainly and only from other countries. However, we should not rule out the possibility that other pollutants may also contribute significantly to the occurrence of MS relapses, as well as the contribution of meteorological variables, since air pollution always acts in conjunction with atmospheric conditions, which should not be neglected.
CONCLUSION
Our results showed that the higher the relative humidity and PM 10 concentrations, the greater the number of hospitalizations for MS. The models indicated a higher PM 10 ratio with female hospitalizations of the age group below 30 years. The results obtained in this work confirm for the city of São Paulo the hypothesis that air pollution, as well as some atmospheric conditions, may play an important role in the occurrence of MS relapses. These results are important, since up to now in Brazil there are no studies concerning meteorological or air quality variables with such disease. In addition, they may open new viewpoints to investigate the pathogenic mechanisms of MS.
